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Objective: to review published reports on knotted intravascular devices/catheters.
Method: report of two cases and systematic review of the literature.
Results: a total of 113 reported cases of knotted intravascular devices/catheters were located. Pulmonary artery catheters
(Swan–Ganz) were responsible for more than two thirds of the total reported intravascular knots. In 62% (70/113) of the
cases withdrawal of the knotted catheters was achieved successfully with different interventional radiological techniques,
avoiding the need for surgical exploration. In 32% (36/113) of the patients surgical removal was favoured. Capture with
one of the interventional techniques and pulling down the knot into an easily accessible vein to be removed through an
open venotomy, was the most common surgical procedure. However, in five cases, an open cardiotomy was required. In
seven cases the patient’s condition was critical and precluded any surgical procedure, so the knotted catheter was left in
situ. The mortality of this event was 8% (9/113).
Conclusions: interventional radiological techniques have largely replaced open surgical removal. Knotted catheters may
need to be surgically removed when (a) the knot is large in size with many loops, or (b) intracardiac fixing of the knot
is encountered.
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Introduction and three Spanish articles with no English abstract
were excluded. Articles reporting coiling without knot
Knotting of intravenous or intra-arterial devices (cath- formation were also excluded.
eters, pacemaker electrodes and guidewires) is rare,
but is a source of morbidity that has not received
Resultsappropriate attention in current vascular textbooks.
The aim of this paper was to present two additional
Case no 1cases and to review the literature on this topic.
A 65-year-old man had a temporary pacemaker wire
through the right subclavian vein to control idio-
Method ventricular bradyrhythmia. The wire was inserted and
manipulated without fluoroscopic monitoring re-
Medline search was employed using the terms ‘‘knot/ sulting in the formation of a large knot, in the superior
knotted/knotting/looping’’ and ‘‘catheter/catheters’’ vena cava and innominate veins (Fig. 1, left). Following
in all possible combinations. Manual search of the several unsuccessful attempts to undo the knot a loop
references was also made. One Japanese, two Polish snare constructed by a doubled-over guidewire was
introduced percutaneously via the left femoral vein.
The loop–snare catheter was advanced under fluoro-∗ Please address all correspondence to: M. Lazarides, Marathonos
13 str., N Chili, Alexandroupolis, 68100, Greece. scopic control to the superior vena cava, the knotted
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Fig. 1. (Left) Plain chest radiograph showing the formation of a large ‘‘bow-tie’’ knot in the superior vena cava and innominate veins.
(Right) Plain radiograph showing the knotted wire brought down to the left common femoral vein where it became lodged.
wire was snared and brought down to the left common Literature search
femoral vein (Fig. 1, right). The knotted wire was
A total of 92 references were retrieved.1–92 In theseremoved surgically through a venotomy. The patient
reports the total number of the knotted catheters/had an uneventful recovery and was anticoagulated
devices was 111 and including our own cases thisfor three months.
figure was 113 (Table 1). Sixteen out of these (14%) were
intraarterial knots, 15 during peripheral or coronary
arteriographies and one rare case where a guidewire
pierced the internal jugular vein and was knotted in
Case no 2 the carotid artery.79 In the latter as in five of the
previous cases the intra-arterial knots were removed
A 74-year-old woman was to have a double lumen surgically. Among the published reports in seven more
haemodialysis catheter inserted in the right subclavian complicated cases, two or more different devices/
vein. Initially a guidewire was introduced but during catheters were tied in a knot; in three, surgical removal
the manipulations the wire was stuck and it could not was required.5,15,49,71,72,75,78
be removed. A chest radiograph performed revealed In 62% (70/113) cases removal was achieved suc-
a knot at the tip of the wire. In an attempt to remove cessfully with different interventional radiological
it by firm traction the resistance was suddenly lost as techniques. From the recorded cases only 32% (36/
the wire came free, but inspection of the distal segment 113) needed surgical removal of the knotted catheter.
disclosed loss of the broken tip. Ultrasound in- The various surgical procedures used in the published
vestigation indicated that the wire had exited the back cases are summarized in Table 2. Open cardiotomy
wall of the vein and the knotted tip was positioned was required in five cases, in three the intracardiac
in the extravascular tissue. After consultation with the knot involved the chordae tendineae of the tricuspid
nephrologists taking into account the patient’s unstable valve,2,58,88 in one the knotted loop was located in the
condition it was decided not to intervene and the right ventricle43 and in one the knot was in the right
knotted segment was left in situ. The patient died two atrium.68 In all these five cases no death was recorded.
In 6% (7/113) of the cases the catheter/device was leftmonths later for reasons unrelated to the wire.
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Table 1. Summary of all publications presenting cases of intravascular knots.
Decade Authors Number Catheter type Treatment Mortality
1950–1979 References1–29 40 AC 18 (45%) Removal 29 2/40 (5%)
CVC 9 (23%) Surgery 9
PAC 5 (12%) Left in situ 2
CC 5 (12%)
PE 3 (8%)
1980–1989 References30–61 40 PAC 27 (67%) Removal 22 1/40 (3%)
CVC 6 (15%) Surgery 17
G 3 (8%) Left in situ 1
AC 2 (5%)
CC 2 (5%)
1990–2000 References62–92 33 PAC 21 (64%) Removal 19 6/33 (16%)
+this paper G 8 (24%) Surgery 10
CVC 3 (9%) Left in situ 4
PE 1 (3%)
Total 113 Removal 70 3/70 (4.2%)
Surgery 36 1/36 (2.7%)
Left in situ 7 5/7 (71%)
AC: Arteriography catheter, CVC: Central vein infusion catheter, PAC: Pulmonary artery catheter, G: Guidewire, PE: Pacemaker electrodes,
CC: Various cardiac catheters.
Table 2. Procedures used in surgical removal of knots. devices have been implicated in knot formation in-
cluding cardiac catheters, central venous infusion cath-Surgical procedure No of Patients
eters, pulmonary artery flow-directed balloon tip
Jugular venotomy 7 catheters (Swan–Ganz), arteriography catheters,
Carotid arteriotomy 1
guidewires and pacemaker electrodes. The last twoSubclavian venotomy 10
Axillary arteriotomy 1 decades pulmonary (Swan–Ganz) artery catheters
Femoral venotomy 4 were responsible for more than two thirds of the total
Saphenus vein venotomy 1
reported intravascular knots. An explanation is thatFemoral arteriotomy 4
Basilic vein venotomy 2 these catheters are thin-walled long and soft and are
Cardiotomy 5 usually placed without fluoroscopic guidance. Knot-
Not specified 1
ting of stiff guidewires is rare but can still happen.
Total 36 Most knots can be unravelled using simple man-
oeuvres although special techniques have been de-
veloped for those more difficult to handle. One
in situ.6,22,31,69,80,92 In three including the presented case approach has been to tighten the knot as much as
no 2, the central portion of the knotted catheter was possible so that it may be removed through the vein
left in situ permanently.6,22 In the other three cases the of insertion but this may result in trauma to the vessel
patients were in critical condition and the knotted wall. The problem is usually overcome by with-
catheter was allowed to remain in place for one or drawing the catheter until it impacts on the introducer
two days before their death.31,80,92 In the last case the allowing removal by creation of a small skin incision.32
knot at the distal end of a Swan–Ganz catheter was The use of a longer introducer to replace the initial
torn away from the catheter body and migrated from sheath can be utilised and advanced to include the
the subclavian vein to a distal branch of the pulmonary knot within the introducer thereby withdrawing both
artery.69 The methods of treatment and the mortality together.44 A deflection wire can also been used, the
for each one of the various types of catheters/devices wire is locked in the first turn of the knot, the catheter
involved in intravascular knots is depicted in Table 3. is then withdrawn and the knot slipping over the wire
is released.17 If manipulating the knotted catheter alone
cannot reduce the knot, it may be necessary to in-
troduce a second (ancillary) catheter usually via theDiscussion
femoral vein. The ancillary catheter can either be
passed through the loop of the knot which is thenKnotting of an intravascular catheter was first reported
pulled back13 or is hooked through the knot main-by Johansson et al. in 1954.1 Since then, the number of
the published cases exceeds 100.2–92 Various types of taining traction until the loop opens.29 Alternative
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Table 3. Methods of treatment and mortality for the various types of devices involved in intravascular knots.
AC CVC PAC CC PE G Number
Removal 16 13 31 4 2 4 70
Surgery 4 5 18 3 1 5 36
Left in situ — — 4 — 1 2 7
Total 20 18 53 7 4 11 113
Mortality — — 6 (11%) — 1 (25%) 2 (18%) 9 (8%)
AC: Arteriography catheter, CVC: Central vein infusion catheter, PAC: Pulmonary artery catheter, G: Guidewire, PE:
Pacemaker electrodes, CC: Various cardiac catheters.
approaches utilise a retrieval basket,65,82 a loop-snare stiffer devices (Pacemaker electrodes 25%, guidewires
18% versus zero for arteriography and central veinformatted by a double-over guidewire (there are also
commercially available loop snares),38 an endo- catheters) the difference was again not statistically
significant (chi-square test, df=5, p=0.17). It seemsmyocardial biopsy forceps62,86 or even the ap-
plication of angioplasty balloon, the latter inflated that either the need for surgical removal or the outcome
following knotting of an intravascular device is ratherexpands the diameter of the knot.84 The mortality in the
cases where removal was achieved by interventional case-specific than device-specific.
In conclusion knotting can be avoided by continuousradiology techniques was 4.2% (3/70).
Interventional radiological techniques have largely visual control of the catheter tip during insertion and
careful manipulation especially when placing pul-replaced open surgical removal with surgery reserved
for cases where (a) the knot is large in size and many monary artery catheters. If the knot cannot be undone
by interventional radiological techniques a vascularloops are involved in its formation the so called ‘‘bow-
tie’’ knots, or (b) intracardiac fixing of the knot is surgeon should be consulted. Knotted catheters may
need to be surgically removed when the knot is largeencountered. Direct withdrawal of large knots may
result in laceration of the vein while a knot around in size with many loops or intracardiac fixation of the
knot is encountered.an intracardiac structure cannot be pulled out without
cardiac damage and in that case a thoracotomy is
mandatory. Capture with one of the interventional
techniques and pulling down the knot in an easily
accessible vein to be removed through an open ven-
Referencesotomy was the most common surgical procedure (Table
2). Dissection of the jugular or common femoral vein 1 Johansson L, Malmstrom G, Uggla LG. Intracardiac knotting
of the catheter heart catheterization. J Thoracic Surg 1954; 27:should be preferred, as the subclavian vein may be
605–607.difficult to be controlled necessitating clavicle dis-
2 Skinner JF, Burroughs JT. Intracardiac knotting of the catheterarticulation or thoracotomy. The mortality in the sur- during right heart catheterization. Circulation 1961; 23: 81–83.
3 Schickedanz H. Chirurgische Entfernung verknoteter Herz-gically removed knots was 2.7% (1/36) and there was
katheter. Zentralbl Chir 1966; 24; 91: 1438–1441.no statistically significant difference compared with
4 Syme J. Knotted catheter and other injuries to arterial cathetersthe mortality of those removed by interventional tech- and guide wires. Australas Radiol 1967; 11: 359–363.
5 Boal BH, Keller BD, Ascheim RS, Kaltman AJ. Complicationniques (chi-square test, df=1, p=0.8). If the patient’s
of intracardiac electrical pacing – knotting together of temporarycondition is critical and precludes any surgical pro-
and permanent electrodes. N Engl J Med 1969; 280: 650–651.cedure, the knotted catheter can be left in situ. However 6 Silver MD. Intracardiac knotting of a transvenous pacemaker.
Can Med Assoc J 1969 Mar 22; 100: 581–582.this is not an attractive solution for a knotted intra-
7 McGarvey JF. Looped intra-arterial lead: a knotty problem. Amvascular device as it might be expected to predispose
Heart J 1970; 79: 720–721.to thrombosis. The in-hospital mortality among the 8 Nicolas F, Fenig J, Richter RM. Knotting of subclavian central
venous catheter. JAMA 1970; 214: 373–374.left in situ cases was 71% (5/7) however in only
9 Young DA, Maurer RM. Successful manipulation of a knottedone case death was directly related to a thrombosed
intravascular catheter allowing nonsurgical removal. Radiologycatheter knotted around a papillary muscle.6 1970; 94: 155–156.
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